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method, after resin infiltration and before resin polymerization, a resin-removal step is introduced 92 that strips off excess extracellular resin by draining and flushing the sample with ethanol. This 93 step thins down the resin coating outside the cell membrane to tens of nanometers while 94 maintaining a stable intracellular resin embedding To determine the resolution capabilities of our FIB-SEM method, we have examined a group of 120 well-characterized cellular compartments using high magnification SEM imaging. Figure 1e  121 shows an image of a mitochondrion that clearly resolves inner and outer membranes (~10 nm 122 distance) as well as the cristae structures defined by the inner membrane. Figure 1f shows the 123 structure of nuclear envelope with clearly-resolved inner and outer membranes with an interstitial 124 space of about 20 nm. Endoplasmic reticulum (ER) structures as parallel running membranes can 125 be seen in the vicinity of the nucleus, and the associated small granules attached to the 126 membrane of the ER likely are ribosomes (Supplementary Figure S3a) . Other intracellular 127 structures have been resolved such as multi-vesicular bodies and endocytic vesicles 128 Figure S3b-d) . Furthermore, FIB-SEM clearly reveals that the plasma 129 membrane is very close (< 50 nm) to the flat substrate surface and contours around local 130 nanopillar features (Figure 1g) . 131
(Supplementary
Our FIB-SEM method is compatible with substrates with different surface topographies and 132 different materials, i.e. a quartz substrate with nanotubes (Supplementary Figure S4) . As shownand wraps around the outside surface of a nanotube, with intracellular structures in the vicinity 135 clearly visible. However, inside the nanotube, the cell membrane did not conformably follow the 136 surface contour and only extended into the top part of the hollow center (Figure 2a, iii with all surface were coated with poly-L-lysine to facilitate cell culture. The surface of the 141 PEDOT:PSS is patterned into parallel grooves (Figure 2b, i & Supplementary Figure S4) . The 142 cell appears well spread on the PEDOT surface, however the FIB-SEM image reveals that the 143 cell membrane is much further away from the PEDOT substrate (~ 100 nm average on flat areas) 144 than from the quartz substrate (~25 nm average on flat areas). Locations where the cell 145 membrane made close contacts with the PEDOT substrate can be clearly identified (arrow heads 146
in Figure 2b , ii). The cell membrane extends into the patterned groove (Figure 2b , ii) and into 147 some local cracks on the substrate (Figure 2b By sequentially imaging a set of 72 sequential sections, we reconstructed a 3D intracellular space 157 and its interaction with nanopillars using a segmented 3D reconstruction method (Figure 3d , 158
Supplementary Movie 1).
In particular, we modeled the 3D morphology of the nuclear envelope, 159 nucleoli, and the non-adherent cellular membrane domain, which were individually constructed 160 and overlaid to the remaining structures as shown in Figure 3e . The nuclear envelope appears 161 to be bend upward on top of a nanopillar for as much as 800 nm (Figure 3f ), agreeing well with 162 our previous observation by TEM 24 . 163
Unlike the ultramicrotome sectioning method that slices materials sequentially in only one 164 direction, the FIB-SEM method is highly versatile and allows sectioning of the same sample with 165 different directions at multiple locations. This capability is often important for cells with protrusionsconnecting lines (yellow arrowed lines corresponding to four regions of interest and green arrowed 173 lines being the connecting lines in Figure 3g ). FIB-SEM imaging of the cell body shows the 174 nuclear, large number of intracellular organelles and the plasma membrane wrapping around 175 nanopillars (Figure 3i) . By multiple angle milling, FIB-SEM also offers a unique advantage of 176 examining a location from multiple directions as shown by the 90-degree intersection between 177 the neurite-2 and the cell body (Figure 3h) . The cross-section of neurite-3 is shown in Figure 2j , 178 
mitochondria). We constructed an APEX2-GFP-CAAX fusion 195
plasmid that selectively targets APEX2 to the plasma membrane to further enhance the contrast 196 at the cell-to-material interface. We transfected cells growing on nanopillars with APEX2-GFP-197 CAAX allowing initial localization of transfected cells by live fluorescence imaging (Figure 4a) . 198
Then, after cell fixation and before osmium staining, 3,3-diaminobenzidine (DAB) and H2O2 are 199 added to the solution, where APEX2 catalyzes the polymerization and deposition of DAB in its 200 vicinity. The polyDAB recruits osmium in the subsequent staining step to give greater contrast toAPEX2-labeled structures. After thin-resin plastification, the cell can be visualized by SEM 202 
